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A B S T R A C T 
Injury to the craniomaxillofacial (CMF) area has major implications for mortality and morbidity depending 
on many factors that influence the level of treatment. In warzones, the extent of CMF injuries is amplified 
mainly due to the damage caused by bomb blasts. This study presents CMF injury as the result of war 
incidents to highlight the differences in injury type as well as the impact that an austere environment has on 
treatment. The author has unique insight and experience of treating CMF injuries in Misrata, Libya, where 
there is ongoing civil conflict. Surgeons in Libyan hospitals require intensive training intervention to 
effectively manage gunshot injuries, blast injuries and disasters and while these cases represent an austere 
environment, conclusions can be drawn for recent incidents involving terrorism. This study presents an 
analysis of injury patterns of patients presenting with CMF trauma during the Misrata battle of the Libyan 
conflict in 2011. 
 
 
 
                                     © 2020 Abdulhakim W Zaggut. Hosting by Science Repository. All rights reserved  
Introduction 
 
The civil war in Libya has dramatically affected the lives of the general 
population [1]. As Libya’s third largest city, Misrata was severely 
affected by the conflict with war-related CMF trauma occurring 
throughout the siege and the multiple campaigns launched by pro-
government forces to retake the city. Healthcare services were 
overwhelmed by the surge in traumatic injuries [2, 3]. At the time of the 
battle of Misrata itself, gunshot and blast injuries represented the 
majority of injuries [4]. Due to the occupation of the main city hospital 
in Misrata by pro-Gaddafi forces and the targeting of polyclinics, civilian 
and combatant casualties presenting with complex CMF injuries were 
treated in facilities which were not equipped to handle such cases [4]. 
Gunshot and blast injuries in war environments commonly affect the 
head and neck area and are often life-threatening [5]. Management of 
these injuries is challenging due to the anatomical complexity, and the 
functional and aesthetic consequences of poor reconstruction. It is 
therefore important that healthcare providers managing these injuries in 
austere and war environments, have the necessary knowledge and skills 
to achieve the best possible clinical outcomes with the tools available 
[6]. 
 
In war-torn Libya, the absence of resources, severity and unpredictability 
of presenting cases and the lack of specialist health care personnel make 
a case for care providers to receive specialist training in the management 
of such injuries in less stable parts of the world [7, 8]. Humanitarian 
emergency aid organisations in conflict zones are limited by a shortage 
of both healthcare providers and medical supplies [9]. Since 2011, the 
health service in Libya has deteriorated despite the end of the war [10]. 
A survey of 607 surgeons in 13 hospitals within Tripoli, Libya between 
June 2014 and May 2015 suggested that surgeons practising in Tripoli 
hospitals are unable to deal with blast injuries with 496 (81.7%) surgeons 
stating that hospitals in Tripoli were not adequately equipped [11]. CMF 
injuries represented in the literature range from 20% and 39% of the total 
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trauma burden in major military conflicts from World War II to 
Operation Iraqi Freedom [12, 13].  
 
The head and neck region includes vital anatomical structures that 
provide the facial movement for communication. Specialist surgical 
techniques are required and, in the field, should be efficient with 
competent surgeons available on the front line [14, 15]. Experts in 
critical care and CMF soft tissue trauma are also essential in a war 
environment [16]. This paper presents an analysis of civilian and 
combatant CMF injury patterns to facilitate the establishment of 
educational and training interventions for the non-specialist health care 
professionals who often become the primary and definitive care 
providers for patients with CMF injuries in austere and war zones.  
 
Methods 
 
Case Studies 
 
A case series of 154 patients with CMF war injuries was explored from 
clinical activity in Misrata between February and November 2011 during 
the Libyan civil war. The cases were treated within an austere 
environment and data was retrieved and analysed retrospectively from 
any available documentation, particularly photographic. The injuries 
within the cohort were categorised into 16 CMF anatomical regions: 
dental injury, alveolar bone, mandibular, maxillary, zygomatic, orbital, 
nasal, nasal bones, nasoethmoidal, panfacial, frontal, cranial, perioral 
and salivary gland, periorbital soft tissue and eyelids, cartilage/nose and 
nerve injury. In addition, other important injury categories such as life 
and sight threatening injuries were added. Anonymised data was 
analysed retrospectively, broadly categorised into three groups: upper 
face, midface including orbit and nose, and lower face including the oral 
cavity. For each case, as far as was possible, the following were retrieved 
from available records: admission date, age, gender, non-civilian vs. 
civilian background, mechanism of injury, presence or absence of a 
foreign body and operation date.  
 
Results 
 
A total of 154 CMF cases were used in this study with the majority being 
males (94.8%) aged between 18 and 60 (83.1%) assuming that a large 
number of these people were directly involved in the conflict while there 
was some representation of children (Table 1). The major cause of CMF 
injury of this cohort was from blast (75.3%) which was expected with 
large scale shelling and bombings. The second most common injury was 
caused by gunshot (19.5%). Shrapnel was the main foreign body found 
as a consequence of the high number of blast injuries accounting for 
77.8%, with 22.2% of patients had bullets removed from the CMF area. 
 
Misrata life-threatening injuries include the presence of tracheostomy, 
intubated patients in the intensive care unit (ICU), CMF haemorrhage, 
and airway hazards such as broken teeth and foreign bodies as well as 
brain herniation that came to our attention from patient scans were 
available (Table 2). Furthermore, it was important to address that some 
minor or mild CMF cases were associated with other major injuries of 
the rest of their body. In austere environments, even simple CMF 
wounds could prove to be life threatening if not treated due to the 
vascularity of this region. It should be noted that 28 of the 154 casualties 
suffered from fatal injuries. Sight-threatening injuries were categorised 
based on the presence of orbital injury and affected a slightly higher 
proportion of the sample with 43.5% of cases. Cases were categorised 
by the region of injury as upper, middle and lower facial thirds. With 
regards to injuries to each the individual thirds, there was a similar 
number of upper and lower third injury and an over-representation of 
midface injuries.  
 
Table 1: Misrata CMF injury case demographics. 
Category Number Percentage 
Age Group 
< 6 yrs. 8 5.2 
6 - 12 yrs. 8 5.2 
13 - 18 yrs. 8 5.2 
19 - 60 yrs. 128 83.1 
> 60 yrs. 2 1.3 
Total 154 100 
Gender 
Male 146 94.8 
Female 8 5.2 
Total 154 100 
Mechanism Of Injury 
Blast 116 75.3 
Gunshot 30 19.5 
RTA 6 3.9 
Trauma 2 1.3 
Total 154 100 
Foreign Body 
Shrapnel 84 77.8 
Bullet 24 22.2 
Total 108 100 
 
Table 2: Summary of CMF injuries by injury pattern and facial zones. 
Category Number Percentage 
Injury Pattern (154) 
Life-threatening injury 51 33.1 
Sight-threatening injury 67 43.5 
Soft tissue injury 113 73.4 
Nerve injury 103 66.9 
Injury By Facial Thirds (154) 
Upper Third 87 56.5 
Middle Third 104 67.5 
Lower Third 80 51.9 
One Third Affected 73 47.4 
Two Thirds Affected 66 42.9 
Three Thirds Affected 15 9.7 
 
As expected, soft-tissue injuries affect the majority of the cases 
accounting for 73.4% of cases. Moreover, 103 cases were affected by 
soft-tissue injuries and supplementary nerve injury at 66.9% (Table 3). 
The most common form of injury was periorbital, accounting for 55.2% 
of cases. All other sites of injury were similarly distributed for the cases 
which corroborates the findings that injuries were distributed to all facial 
thirds which in turn is likely to be the result of the large number of blast 
injuries. Due to the nature of injuries in Misrata, it is evident that the 
entire face is affected. Nonetheless, the proportion of mandibular and 
orbital injuries highlights that despite a wide spectrum in severity, there 
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are strong implications that a patient could suffer in the long term. This 
may be visual impairment or mandible injuries that could affect a 
person’s feeding, without considering the social and psychological 
issues associated with facial deformity.  
 
Table 3: Soft tissue categories of CMF injury patients. 
Category Number Percentage 
Site Of Injury (154) 
Dental & Alveolar Injury 36 23.4 
Nasal Injury 40 26.0 
Mandibular Injury 33 21.4 
Maxillary Injury 43 27.9 
Zygomatic Injury 25 16.2 
Orbit Injury 52 33.8 
Cranial Injury 42 27.3 
Perioral & Salivary Injury 60 39.0 
Periorbital & Eyelid Injury 85 55.2 
 
Discussion 
 
The data collected from the 154 patients provides an insight into the 
pattern of CMF injuries during civil conflicts. Firstly, the majority of 
patients were aged between 18 and 60, which was not surprising as they 
were likely physically involved in the conflict and thus, more likely to 
be injured [17]. It should also be noted that the majority of cases were 
male, as it is more common for men to participate in war and have trauma 
involving the CMF area [18]. This data corresponds with previous 
research concerning the mechanism of injury where most injuries were 
caused by blasts [7, 19]. Gunshot injuries ranked second for causation 
surpassing RTAs which would be the primary cause of CMF injury in 
non-war environments [20, 21]. This not only shows the need for 
recognition of new types of injuries including other patterns affecting the 
facial region, but also vividly paints the traumatic changes brought by 
the conflict [19].  
 
It is acknowledged that the severity of the injuries has also progressed 
over time. The advancement in war weapons means less use of 
traditional armament and the introduction of new weapons such as 
explosive bullets, altering the nature of injuries [22]. CMF injuries are 
now caused by high velocity blasts leading to severe destruction of both 
soft and hard CMF tissue. This also increases the presence of foreign 
bodies in the wound, augmenting the catastrophic character of the 
laceration but also resulting in the development of further complications, 
including infection and soft tissue injury [23]. This is further evidenced 
by the elevated number of both life-threatening and sight-threatening 
injuries. 
 
To our knowledge, numerous cases were exposed to bullet or blast 
trauma during the war. Although this may have increased the incidence 
of injuries, the prevalence remained low as many injuries resulted in 
immediate fatality of the patient. As a result, a great number of cases 
were excluded, with many others never been presented to the hospital 
[4]. The analysed data shows that the sample cases commonly included 
the involvement of more than one facial third with the middle third being 
affected the most. This could be due to the lack of protection and the 
increased exposure of the facial area or the bone quality of this region. It 
is understood that the results suggest major trauma involving the regions 
studied, which demands increased awareness, attention and care. This 
has been addressed by the British military by wearing protecting devices 
to the important regions in the face [24]. 
 
The data of these cases were acquired by the examination of photos taken 
of each patient. Moreover, it should be noted that due to the lack of good 
documentation and radiological resources, the reporting of findings may 
lack precision and accuracy. In addition to this, the inability to apply any 
of the standardised classification systems such as ZS system available 
on smartphones, limited our analysis [25, 26]. Documentation and the 
extraction of findings from pictures alone lacks accuracy and a complete 
history should be acquired post-triage to appropriately record data 
regarding the mechanism of injury, exact age as well as specify previous 
conditions which may explain the severity of injury complications. The 
absence of prior training focusing on war related cases also affected the 
documentation analysis as many of the surgeons involved lacked 
experience of an austere and chaotic environment [4]. Military-trained 
surgeons are known to be able to document but also analyse such data 
easily as they have been previously exposed to similar scenarios [27]. 
Furthermore, scheduling follow-up appointments and a review of patient 
data would have potentially optimised analysis and potentially provided 
a better outcome for the patients.  
 
Conclusion 
 
This study provides a valuable guide for the development of future 
public strategies concerning treatment of CMF injuries in an austere 
environment. The significance of the understanding of injury patterns 
and the knowledge of their background have been underlined. There is 
an educational niche that must be filled in order to successfully recognise 
the severity of CMF war trauma and triage accordingly. This is 
especially important in the current climate where terrorist attacks are 
becoming more frequent and affects more people in areas that did not 
previously ever suffer from war-like blast and bullet CMF injuries, such 
as Manchester attacks [19, 28]. In this study we look at the physical 
impact of CMF injury but have not yet addressed the psychological 
gravity of such trauma which is of equal importance to surgical 
treatment. However, the study highlights a number of factors to consider 
when treating patients with CMF injuries [29]. 
 
Author Contributions 
 
Acquisition of data: Abdulhakim W Zaggut, Simon Holmes, Habib 
Ellamushi, Mohamed Shibu. Data analysis: Gehad Youssef, Muhammad 
M Rahman. Manuscript writing and review: Abdulhakim W Zaggut, 
Muhammad M Rahman, Malcolm Harris. Study supervision: Malcom 
Harris, Ali Ghanem, Simon Myers. 
 
Funding 
 
Ministry of Higher Education, Misrata University, Misrata, Libya. 
 
Conflicts of Interest 
 
None. 
Craniomaxillofacial War Injuries in Misrata, Libya               4 
 
Journal of Dentistry Open Access doi:10.31487/j.JDOA.2020.02.05     Volume 2(2): 3-3 
REFERENCES 
 
1. Harvey Whitehouse, Brian McQuinn, Michael Buhrmester, William B 
Swann Jr (2014) Brothers in arms: Libyan revolutionaries bond like 
family. Proc Natl Acad Sci U S A 111: 17783-17785. [Crossref] 
2. Sophie Arie (2011) Gaddafi's forces attacked hospitals, patients, and 
health professionals, report confirms. BMJ 343: d5533. [Crossref] 
3. Refugees U N H C f (2011) Surviving war in Misrata: A Libyan family 
tell of their ordeal.  
4. Zaalook K (2013) Whom shall we save when at war? A personal 
perspective on the Libyan conflict. Afr J Emerg Med 3: 40-41.  
5. Avinash S Bidra, Ashok N Veeranki (2010) Surgical and prosthodontic 
reconstruction of a gunshot injury of the mandible using dental implants 
and an acrylic resin fixed prosthesis: A clinical report. J Prosthet Dent 
104: 142-148. [Crossref] 
6. Raja Kummoona (2010) Surgical managements of subluxation and 
dislocation of the temporomandibular joint: clinical and experimental 
studies. J Craniofac Surg 21: 1692-1697. [Crossref] 
7. Levine A C, Shetty P (2012) Managing a front-line field hospital in 
Libya: Description of case mix and lessons learned for future 
humanitarian emergencies. Afr J Emerg Med 2: 49-52.  
8. Nott D M (2012) Taking definitive surgical trauma skills to the needy. 
Bullet R Coll Surg Eng 94: 172-173.  
9. Frontières M S (2014) Where is everyone? Responding to emergencies 
In the most difficult places.  
10. Mohamed A Daw (2020) Preliminary epidemiological analysis of 
suspected cases of corona virus infection in Libya. Travel Med Infect 
Dis 35: 101634. [Crossref] 
11. Abdulhakim M Oun, Elmokhtar M Hadida, Charles Stewart (2017) 
Assessment of the Knowledge of Blast Injuries Management among 
Physicians Working in Tripoli Hospitals (Libya). Prehosp Disaster 
Med 32: 311-316. [Crossref] 
12. Timothy A Lew, John A Walker, Joseph C Wenke, Lorne H 
Blackbourne, Robert G Hale (2010) Characterization of 
craniomaxillofacial battle injuries sustained by United States service 
members in the current conflicts of Iraq and Afghanistan. J Oral 
Maxillofac Surg 68: 3-7. [Crossref] 
13. Amber L Wade, Judy L Dye, Charlene R Mohrle, Michael R Galarneau 
(2007) Head, face, and neck injuries during Operation Iraqi Freedom 
II: results from the US navy-marine corps combat trauma registry. J 
Trauma 63: 836-840. [Crossref] 
14. Pablo Lamata, Enrique J Gómez, Fernando Bello, Roger L Kneebone, 
Rajesh Aggarwal et al. (2006) Conceptual framework for laparoscopic 
VR simulators. IEEE Comput Graph Appl 26: 69-79. [Crossref] 
15. E T Adebayo, O S Ajike, E O Adekeye (2003) Analysis of the pattern 
of maxillofacial fractures in Kaduna, Nigeria. Br J Oral Maxillofac 
Surg 41: 396-400. [Crossref] 
16. R Schwab, C Güsgen, S Hentsch, E Kollig (2007) Terrorism--a new 
dimension in trauma care. Chirurg 78: 902-909. [Crossref] 
17. Paolo Boffano, Fabio Roccia, Emanuele Zavattero, Emil Dediol, 
Vedran Uglešić et al. (2015) European Maxillofacial Trauma 
(EURMAT) in children: A multicenter and prospective study. Oral 
Surg Oral Med Oral Pathol Oral Radiol 119: 499-504. [Crossref] 
18. Raja Kummoona, Aliaa M Muna (2006) Evaluation of immediate phase 
of management of missile injuries affecting maxillofacial region in iraq. 
J Craniofac Surg 17: 217-223. [Crossref] 
19. I S Gataa, Q H Muassa (2011) Patterns of maxillofacial injuries caused 
by terrorist attacks in Iraq: retrospective study. Int J Oral Maxillofacial 
Surg 40: 65-70. [Crossref] 
20. Zuhir Bodalal, Riyad Bendardaf, Mohammed Ambarek (2012) A study 
of a decade of road traffic accidents in Benghazi-Libya: 2001 to 2010. 
PLoS One 7: e40454. [Crossref] 
21. Zuhir Bodalal, Riyad Bendardaf, Mohammed Ambarek, Nico 
Nagelkerke (2015) Impact of the 2011 Libyan conflict on road traffic 
injuries in Benghazi, Libya. Libyan J Med 10: 26930. [Crossref] 
22. Tarek Esmil, Johno Breeze, Raj Sandhu, Gary Walton (2015) 
Management of casualties in Misrata following the civil uprising in 
Libya, with an emphasis on maxillofacial injuries. Facult Dent J 7: 40-
45.  
23. Jose I Marquez, Michael A Schindlbeck (2018) Lead Toxicity from a 
Retained Bullet. N Engl J Med 379: 2451. [Crossref] 
24. J Breeze, D C Tong, D Powers, N A Martin, A M Monaghan et al. 
(2017) Optimising ballistic facial coverage from military fragmenting 
munitions: a consensus statement. Br J Oral Maxillofac Surg 55: 173-
178. [Crossref] 
25. Zeeshan Ahmad, Reza Nouraei, Simon Holmes (2012) Towards a 
classification system for complex craniofacial fractures. Br J Oral 
Maxillofac Surg 50: 490-494. [Crossref] 
26. Z Ahmad, H Mohamedbhai, M Bajalan, S Holmes (2017) ZS 
maxillofacial trauma app: a two-year review of an iPhone app intended 
to aid assessment of maxillofacial trauma. Int J Oral Maxillofac Surg 
46: 199.  
27. R Bryan Bell (2007) The role of oral and maxillofacial surgery in the 
trauma care center. J Oral Maxillofac Surg 65: 2544-2553. [Crossref] 
28. Amandla Thomas Johnson (2017) 'I saw the same wounds in Aleppo': 
Syrian doctor saving Manchester lives.  
29. Fiona J Charlson, Zachary Steel, Louisa Degenhardt, Tien Chey, 
Derrick Silove et al. (2012) Predicting the impact of the 2011 conflict 
in Libya on population mental health: PTSD and depression prevalence 
and mental health service requirements. PLoS One 7: e40593. 
[Crossref] 
 
